Two anaerobic (A1 and A2), 1 selective (S1), and 3 conventional (C1, C2, and C3) transport media formulations were compared for their capacity to maintain the viability of Serpulina (Treponema) hyodysenteriae. Initial experiments compared the recovery of S. hyodysenteriae from pure cultures held in each transport medium for 0.5, 1, 2, 3, 5, and 7 days at -40 C, 4 C, 25 C, and 36 C. Subsequent experiments compared each transport medium for maintenance of S. hyodysenteriae in fecal specimens obtained from experimentally infected pigs after holding for up to 7 days at 25 C. In each experiment, the viability of S. hyodysenteriae in each transport medium incubated at each temperature and for each period was determined by inoculating the transport medium onto either trypticase soy agar with 5% sheep blood or selective BJ agar and incubating at 42 C anaerobically. Viability and fecal flora contamination were evaluated blindly after 2-, 4-, and 6-day incubation periods. At -40 C, recovery of viable S. hyodysenteriae from pure culture did not differ among the transport media from 0.5 to 7 days, and all of the transport media consistently maintained the viability of the spirochetes for 7 days. At 4 C, the anaerobic and selective transport media maintained the viability of pure cultures of S. hyodysenteriae significantly better than did the conventional transport media group at day 7 (P = 0.019). At the same temperature, the anaerobic media maintained viability better than did the conventional media at 5 days (P < 0.042). At 25 C, the anaerobic transport media were significantly better than the conventional transport media at maintaining the viability of pure cultures of the spirochetes at 2, 3, and 5 days (P < 0.018) and were significantly better than the selective medium at 3 days (P = 0.012). At 36 C, the recovery of viable spirochetes was significantly better with the anaerobic transport media than with both the conventional media for days 2-7 (P < 0.006) and the selective medium for days 3-7 (P < 0.049). Fecal specimens held in transport media Al and C1, as a group, had significantly higher viability than those held in the other transport media formulations taken as a group at all incubation times, except 0.5 day (P < 0.0046). Contamination of selective BJ medium by fecal flora was markedly higher after holding fecal specimens in conventional transport media than in anaerobic and selective transport media. In a dilution trial of a pure culture of spirochetes, transport media Al and A2 maintained the viability of 10 8 S. hyodysenteriae for 7 days; however, medium Al was 10-100-fold more effective than medium A2 when lower initial concentrations of spirochetes were sampled. In a dilution trial of a fecal specimen, medium Al maintained the viability of 10 1 spirochetes for 2.5 days compared with 10 3 with medium C1. Overall, media A1 and C1 were the most satisfactory transport media for recovery of viable S. hyodysenteriae from fecal specimens held at 25 C for up to 7 days.
Swine dysentery is a highly contagious diarrhea1 dis-of spirochetes detected by microscopic examination of ease of growing and finishing pigs caused by the oxy-colonic mucosal scrapings. Confirmation of swine dysgen-tolerant anaerobic spirochete Serpulina (Trepo-entery, however, requires culture and isolation of S. nema) hyodysenteriae. 8, 12, 13 A key element to rational therapy and effective control of swine dysentery is the establishment of a correct diagnosis at the onset of the disease. A presumptive diagnosis of swine dysentery can be obtained based on herd history, clinical signs, observation of characteristic lesions in the large intestines of affected pigs, and presence of large numbers hyodysenteriae from intestinal contents, mucosal scrapings, feces, or rectal swabs using selective anaerobically incubated agar media. 5 Final identification of S. hyodysenteriae by reference diagnostic laboratories is generally based upon colony morphology and the pattern and intensity of hemolysis.
Currently, there are no data to support recommendations for transportation of specimens for laboratory confirmation of swine dysentery. Shipping clinical specimens collected on swabs placed in transport medium is a rapid and inexpensive method of obtaining a definitive diagnosis by culture for many enteric pathogens of humans and animals. In addition, noninvasive diagnostic procedures, such as collection of rectal swabs, do not require euthanasia of sick animals for necropsy or shipping of whole-intestine specimens through courier services, as is currently done. The purpose of this study was to compare 6 commercially available transport medium formulations for their capacity to maintain the viability of S. hyodysenteriae after holding for periods of up to 7 days. The effect of ambient temperature on the viability of pure cultures of S. hyodysenteriae in each transport medium formulation also was investigated.
Materials and methods

Transport media
Two anaerobic (A1 a and A2 b ), 1 selective (S1 c ), and 3 conventional (C1 d , C2 c , and C3 f ) transport medium formulations were examined in this study. Medium Al was supplied as single screw-cap glass vials containing 11 ml of medium consisting of reduced solidified agar with resazurin as an indicator of anaerobiosis. 4 Medium A2 was supplied as a plastic environmental chamber with a hydrogen gas-generating device capable of providing a reduced oxygen environment for up to 48 hr to a swab inserted into a plastic tube containing a polyester plug saturated with 0.67 ml of modified transport medium. 4 Medium S1 was supplied as a screwcap glass vial containing 7.5 ml of thioglycollate medium with amphotericin B, cephalothin, polymyxin B, trimethoprim, and vancomycin. Medium C1 was provided as a plastic tube holding a swab inserted in 1.9 ml of medium with 10% activated charcoal. 2 Media C2 and C3 were supplied as plastic holding tubes with single swabs each placed in 0.5 ml volume of medium? Each transport medium was supplied with its own rayon-tipped (A2, C1, C2, C3) or polyester-tipped (Al, S1) swabs for sampling. All transport media were used according to the manufacturers' directions.
Bacterial strain and growth conditions
Serpulina hyodysenteriae strain B204, a reference strain for serotype 2, was used for preparation of pure cultures and experimental inoculations of pigs. Cultures for direct sampling and inoculation of pigs were propagated in a prereduced anaerobically sterilized liquid medium as previously described. 10 Broth cultures were grown in 250-ml volumes to late logarithmic phase in 500-ml serum bottles while being stirred constantly on a magnetic stirrer at 37 C under a 10% hydrogen, 10% carbon dioxide, and 80% nitrogen atmosphere.
Animal inoculation
Ten 6-week-old pigs obtained from the University of Nebraska's Department of Veterinary Science cesarian-derived barrier-raised herd were used in this study. The animals were housed and cared for in accordance with approved guidelines of the University's Institutional Animal Care and Use Committee. The pigs were randomly paired and fed a ration containing 16% protein without antibiotics. Four pairs were used for production of S. hyodysenteriae in fecal specimens in viability trials. The fifth pair was used to produce fecal specimens for comparative evaluation of media Al and Cl sensitivity in a dilution trial. While fasting for a total of 36 hr, each pig was inoculated twice intragastrically at 24-hr intervals with 100 ml of culture broth containing approximately 1 x 10 8 S. hyodysenteriae/ml. Regular feeding was resumed 4 hr after the second inoculation.
Experimental procedures
Experiment 1. The recovery of viable S. hyodysenteriae after holding pure cultures in transport media was examined in 3 viability trials. Broth cultures were serially sampled with swabs while being stirred constantly on a magnetic stirrer. After sampling, each swab was placed into transport medium and assigned randomly to a temperature of incubation (-40 C, 4 C, 25 C, or 36 C) and a duration of incubation (0.5, 1, 2, 3, 5, or 7 days). With the S1 transport medium, the swab containing the specimen was placed about half way into the medium, twirled twice, and discarded. Because transport media Al and A2 yielded similar results in viability trials, they were compared for sensitivity in a dilution trial. For this trial, every other dilution of a serial lo-fold dilution of a pure culture of S. hyodysenteriae in phosphate-buffered saline solution (pH 7.3) (PBS) was sampled in triplicate and held for 0.5, 1, 2, 3, 5, and 7 days at 25 C. At the end of the incubation period, the viability of S. hyodysenteriae was determined as described in the section on viability determination. At the end of the sampling procedure in each trial, the total bacterial count, viability count, and purity of the broth cultures were determined by counting spirochetes using a Petroff-Hausser counting chamber examined under darkfield microscopy and by inoculating serial 10-fold dilutions of broth cultures in PBS onto trypticase soy agar with 5% sheep blood (TSAB) g and incubating at 42 C in the Gas Pak Anaerobic System. g Each culture was examined after 2, 3, 4, and 6 days incubation, and results were expressed as colony forming units (CFU)/ml. The optical density of each culture at 520 nm also was recorded. Experiment 2. The transport media were compared for recovery of viable S. hyodysenteriae and degree of fecal flora contamination after holding fecal specimens obtained from experimentally infected pigs in 4 viability trials. At the onset of clinical signs of swine dysentery (within 5-10 days postinoculation), approximately 100 ml of fresh fecal material was harvested from 1 pig in each pair and serially sampled while stirring constantly on a magnetic stirrer. After a swab was dipped in fecal material and excess feces removed by gentle tapping against the side of the container, the swab was placed into transport medium. With the S1 transport medium, the swab containing the specimen was placed about half way into the medium, twirled twice, and discarded. For each fecal sample, 4 swabs per transport medium units of the same formulation were assigned randomly to each duration of incubation (0.5, 1, 2, 3, 5, or 7 days) and held at 25 C. At the end of the incubation period, the viability of S. hyodysenteriae and presence of fecal flora contamination were determined as described in the section on viability determination. Because transport media Al and C1 yielded similar results in viability trials, they were compared for sensitivity in a dilution trial. For this trial, every other dilution of a serial lo-fold dilution of fecal material in PBS was sampled in triplicate and held for 0.5, 1, 2, 3, 5, and 7 days at 25 C. At the end of the sampling procedure in each trial, the total number of viable S. hyodysenteriae in feces was deter-mined by inoculating selective BJ agar medium with lo-fold dilutions of feces in PBS and incubating at 42 C in the Gas Pak Anaerobic system. 11 Each culture was examined after 2, 3, 4, and 6 days of incubation, and results were expressed as CFU/ml.
Viability determination
At the end of the incubation period in viability trials and dilution trials of either pure cultures or fecal specimens held in each transport medium, the recovery of viable S. hyodysenteriae was determined by streaking the transport medium onto TSAB or selective BJ agar medium, respectively, and incubating at 42 C in the Gas Pak Anaerobic System. After 2, 4, and 6 days of incubation, each culture was evaluated blindly by an independent investigator and scored for presence or absence of S. hyodysenteriae. Except for viability trials with fecal specimens (experiment 2) where 4 swab/ transport medium units of the same formulation were assigned to each feces/duration of incubation combination, 3 swab/transport medium units of the same formulation were assigned to each duration of incubation and/or temperature of incubation in viability trials and sensitivity trials with pure cultures (experiment 1) and fecal specimens (experiment 2). Data generated in viability and dilution trials were expressed as mean percent viability of independent determinations. At the end of the incubation period on day 6, culture plates seeded with fecal specimens held in transport media were scored for presence (1 = primary zone only, 2 = primary and first half of secondary zone, 3 = primary and entire secondary zone) or absence (0) of contamination by fecal flora. Results of fecal flora contamination were expressed as means of cumulative contamination scores of 4 viability trials with 4 swab/transport medium units of the same formulation in each trial.
Statistical analysis
To determine if the recovery of viable S. hyodysenteriae from pure cultures held in anaerobic (A), selective (S), or conventional (C) transport media differed from 1 medium to another, data were analyzed by classifying each transport medium formulation as either A, S, or C and using Fisher's exact test for each temperature and incubation time. 14 This statistical test was useful for comparing 2 treatments at a time (A vs. S, A vs. C, and S vs. C) when responses are categorical, i.e., presence or absence of S. hyodysenteriae growth for each swab/transport medium unit. To determine if the recovery of viable S. hyodysenteriae from fecal specimens differed among transport media, data were analyzed using contrasts in a weighted least squares categorical response model for each incubation time, adding 0.5 to each cell to allow for estimation? This statistical method was used instead of exact tests because more than one "treatment" factor had to be considered: fecal specimen and transport medium formulation.
Results
A summary of growth characteristics of pure cultures of S. hyodysenteriae used in the 3 viability trials is presented in Table recovery of viable S. hyodysenteriae from pure cultures did not differ among the transport media from 0.5 to 7 days and all of the transport media consistently maintained the viability of the spirochetes for 7 days (data not shown). Results of viability testing of pure cultures of S. hyodysenteriae after holding in transport medium for 7 days at 4 C and 25 C are summarized in Fig. 1 . At 4 C the anaerobic and selective transport media maintained the viability of pure cultures of S. hyodysenteriae significantly better than did the conventional transport media at day 7 (P = 0.019). At the same temperature, the anaerobic media maintained viability better than did the conventional media at 5 days (P < 0.042). At 25 C, the anaerobic transport media were significantly better than the conventional transport media at maintaining the viability of pure cultures of the spirochetes at 2, 3, and 5 days (P < 0.018) and were significantly better than the selective medium at 3 days (P = 0.012). At 36 C, the recovery of viable spirochetes was significantly better with the anaerobic transport media than with both the conventional transport media for days 2-7 (P < 0.006) and the selective transport medium for days 3-7 (P < 0.049) (data not shown). Although medium S1 gave results identical to those of media Al and A2 at -40 C and 4 C, recovery of viable S. hyodysenteriae was 67% after 12 hours and 0% after 3 days at both 25 C and 36 C.
Results of a dilution trial of a pure culture of S.
hyodysenteriae comparing the sensitivity of media Al and A2 are shown in Fig. 2 . The total bacterial count, viability count, and optical density (O.D.) of the broth culture were 1 x 10 10 spirochetes/ml, 1 x 10 8 CFU/ ml, and 1.138 O.D. respectively. Both transport media maintained 10 8 S. hyodysenteriae for 7 days with minimal loss of viability; however, at lower initial concentrations of spirochetes, medium Al was 10-100fold more effective than medium A2. The minimum initial number of spirochetes in pure culture necessary to maintain recovery for 2 days at 25 C was 10 4 for medium Al and 10 6 for medium A2.
The total numbers of viable S. hyodysenteriae in feces sampled in each of the 4 viability trials were 1 x 10 3 , 5 x 10 7 , 7 x 10 7 , and 3 x 10 8 CFU/ml. The mean percent viability of S. hyodysenteriae obtained from fecal specimens of experimentally infected pigs after holding in each transport medium for 0.5-7 days at 25 C are presented in Fig. 3 . Fecal specimens held in media A1 and C1, as a group, had significantly higher viability than those held in the other transport medium formulations taken as a group at all incubation times, except 0.5 day (P < 0.0046); the percent recovery of viable S. hyodysenteriae ranged between 6.3% and 81.3% after holding for only 2 days with the other transport media. Comparisons among the other transport media formulations indicated that fecal specimens held in transport media A2 and C2, as a group, had significantly higher viability than those held in transport medium S1 and C3 when incubated for 2 and 3 days (P < 0.0001). In addition, specimens held in medium S1 had higher viability than those held in medium C3 at 1 day (P < 0.0001). Contamination of selective B J medium by fecal flora was markedly higher after holding fecal specimens in conventional transport media than in anaerobic and selective transport media ( Table 2 ). The total number of viable S. hyodysenteriae in fecal material used in the dilution trial was 1 x 10 5 CFU/ml. In this trial, medium Al maintained the viability of 10 1 spirochetes for at least 2 days at 25 C, whereas an initial number of 10 3 spirochetes were necessary to maintain viability for the same period with medium Cl (Fig. 4 ).
Discussion
Shipping of clinical specimens in transport media should facilitate collection, reduce shipping costs, and provide results equivalent to those achieved with current methods of field diagnosis of disease. Transport media for fecal specimens should allow recovery of low numbers of organisms of interest in a mixed specimen, even after holding for 48 hours at room temperature (25 C). No information is currently available on the ability of any transport medium to allow recovery of viable S. hyodysenteriae after holding. In this study, 6 commercially available transport medium formulations were compared for their capacity to main- tain the viability of either pure cultures or fecal specimens containing S. hyodysenteriae after holding periods ranging between 12 hours and 7 days. Marked differences in recovery of viable S. hyodysenteriae were found among transport media after holding either pure cultures or fecal specimens under similar environmental conditions for various time periods. The environmental temperature at which specimens in transport media were held also had an effect on recovery of viable spirochetes. These differences were attributed to variations in formulations of transport media as well as variations in the type of specimens being held. Media Al and Cl were the most satisfactory transport media for recovery of viable S. hyodysenteriae from fecal specimens held at 25 C for up to 7 days.
For a transport medium to facilitate laboratory diagnosis of an enteric bacterial disease, components of Table 2 . Mean fecal flora contamination scores* of cultures of fecal specimens held in transport media after anaerobic incubation for 6 days at 42 C. * Data expressed as means of total contamination scores in 4 viability trials with 4 swab/transport medium units of the same formulation per trial. the medium should not promote growth of the nonpathogens but should maintain the viability of the etiological disease agent. It has been proposed that for a holding medium to allow recovery of enteric pathogens, the medium should have a low nutrient content, a low oxidation-reduction potential, and a high PH. 4 With the exception of medium S1, which is recommended for holding fecal specimens suspected to contain Campylobacter jejuni, media specifically designed for transport of fecal specimens performed better than conventional media. 3 No viable S. hyodysenteriae could be recovered after holding pure cultures or fecal specimens for 3 days at 25 C and 36 C in medium S1, indicating that the antimicrobial compounds present in this medium inhibited or killed S. hyodysenteriae organisms. This conclusion is further supported by low fecal flora contamination scores in fecal specimens held in this transport medium for more than 3 days (Table  2 ). In contrast to other transport media where no significant dilution of the specimen occurs, dilution of viable spirochetes might also have affected recovery with the S1 medium.
A modification of the first widely used transport medium originally devised by Stuart et al. in 1954 15 was developed specifically for transport of fecal specimens. 4 This medium contains minimal nutrients to minimize overgrowth by other organisms in a mixture, and addition of sodium thioglycollate to the medium provides a low oxidation-reduction potential. By adjusting the final pH of the medium to 8.0, destruction of bacteria due to acid formation is also markedly reduced. Although both media Al and A2 consist of modifications of this medium, their performances with fecal specimens were significantly different.
The success of medium Al may be due in part to the incorporation of reducing agents in the holding medium, which combine with free oxygen and help maintain anaerobiosis. In this medium, the swab is inserted deep into reduced semisolid agar where it is protected from exposure to ambient air but remains moist and under anaerobic conditions. A large volume of agar might have been responsible for the very low fecal flora contamination scores observed with this medium. Recovery of 10 1 spirochetes/ml with medium Al in the dilution trial of feces is more a reflection of the relative sensitivity of the plate culture method than an indication of the absolute detection limit of the transport medium. Replication of spirochetes during holding may account for recovery of viable organisms even at very low initial numbers of spirochetes in the specimen. Nevertheless, results from this trial indicate that medium Al is approximately 10-100 times more sensitive than medium Cl for recovery of viable S. hyodysenteriae from fecal specimens.
Media Al, A2, and C1 gave the best overall results in viability trials, suggesting that their formulations meet the requirements for maintenance of S. hyodysenteriae in transport medium. These 3 media were the only ones that contained agar in their formulations. Agar in transport medium is thought to reduce dispersion of bacteria into the medium, and, depending on the volume of medium and the concentration of agar, it may help maintain a moist environment and anaerobic conditions. When media Al and Cl were compared with medium A2, A2 yielded lower viability results with S. hyodysenteriae obtained from feces than from pure cultures. This difference may be due to the smaller volume of medium and lower concentration of agar present in medium A2 (e.g., 0.08% in A2, 5% in Al, and 7.37% in Cl). In contrast, Cl yielded lower viability results with S. hyodysenteriae obtained from pure cultures than from feces. Whether these results were due to a larger volume of transport medium, a higher concentration of agar, or presence of charcoal in medium Cl is unknown. The role of charcoal in transport medium has not been completely elucidated; however, charcoal may absorb inhibitors and bacterial waste products produced by fecal flora during hold-ing. 9, 15 Replication of spirochetes during holding of fecal specimens but not pure cultures might have contributed to increased recovery of viable S. hyodysenteriae with feces.
Although transport media Cl and C2 are buffer-type nonnutrient media, recovery of viable S. hyodysenteriae from fecal specimens was clearly superior with medium C1. Transport medium C1 is a modification of transport medium C2, with agar and activated charcoal added. 2, 15 Medium C2 was similar to medium C1 in maintaining the viability of S. hyodysenteriae more successfully when the spirochetes were obtained from feces than from pure cultures; however, with C2, the recovery of viable S. hyodysenteriae from feces rapidly decreased after 12 hours at 25 C. Whether the smaller volume of transport medium, a lower concentration of sodium thioglycollate (0.1% in medium C2 compared with 1.0% in medium Cl), or absence of agar and charcoal in medium C2 compared with medium Cl was responsible for these differences was not determined.
Considering its intended use, the overall poor performance of medium C3 for maintenance of viability of an enteric pathogen such as S. hyodysenteriae was as expected and was attributed to a lack of buffering capacity and absence of control over oxidation-reduction potential of the specimen; all of the other transport media contain variable concentrations of sodium thioglycollate. Presence of 0.1% glucose in medium C3 also might have provided an additional source of energy for proliferation of fecal flora during holding (Table 2). Significant differences in recovery of viable S. hyodysenteriae were evident whether pure cultures or fecal specimens were held in transport media. For example, as few as 10 1 spirochetes/ml of feces were necessary for transport medium Al to maintain the viability of S. hyodysenteriae for 2 days at 25 C compared with 10 4 spirochetes/ml of pure cultures. A similar difference was also seen when comparing recovery results between pure cultures and fecal specimens held in transport medium Cl; no loss of viability occurred over a 7-day period with fecal specimens compared with a reduction in viability to 67% after 12 hours and complete loss of viability after 3 days with pure cultures held under the same conditions. Synergism between anaerobic bacteria of the swine colon and S. hyodysenteriae has been implicated in the pathogenesis of swine dysentery. 1, 7, 16 This synergism may be involved in the overall increased recovery and enhanced sensitivity of transport media with fecal specimens compared with pure cultures of S. hyodysenteriae. These findings emphasize the need to use clinical specimens rather than pure cultures when examining the efficacy of products with diagnositic applications.
Diagnosis of swine dysentery in the laboratory is usually made from samples of intestine collected during necropsy. Results of bacteriologic cultures are often inconclusive when swabs are obtained from diseased animals either from the rectum or intestinal mucosa and shipped in transport medium. In this study, feces were obtained from experimentally infected nonmedicated pigs at the onset of clinical signs of swine dysentery. Rectal swabs collected from field cases of swine dysentery may contain drug residues that can adversely affect recovery of viable S. hyodysenteriae after transport. In addition, the numbers of S. hyodysenteriae in individual specimens may vary, depending on the stage of the infection of the animal at the time of collection. It is not always possible to transport specimens to a reference laboratory in <48 hours, and prolonged delays between collection of specimens and culture in the laboratory, as well as potential exposure to extreme environmental temperatures during shipping, may have deleterious effects on recovery of bacterial pathogens. These factors may affect the results of bacteriologic cultures regardless of the type of specimens submitted for laboratory confirmation of swine dysentery. Current recommendations by the American Association of Veterinary Laboratory Diagnosticians, Committee on Swine Dysentery, are to insert swabs in either PBS or a suitable transport medium such as medium C2 or another commercial swab/fluid combination and to ship the specimens chilled on ice (4 C) but not frozen to a reference laboratory. 5 Although freezing of S. hyodysenteriae in transport medium did not affect the recovery of viable spirochetes from pure cultures, the effect of freezing of fecal specimens in transport medium on the recovery of viable S. hyodysenteriae was not determined. The use of PBS as a transport medium should be discouraged. Specimens suspected of containing S. hyodysenteriae should be placed in a sufficient volume of semisolid nonnutrient transport medium to allow complete immersion of the sample. The presence of agar, charcoal, and/or a reducing agent in the transport medium, as well as chilling at 4 C, improves recovery of viable S. hyodysenteriae after holding. Under these conditions, viability of S. hyodysenteriae in fecal specimens held in transport medium can be maintained for at least 48 hours.
